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ABSTRACT
Asteroids are an important group of predators in many marine ecosystems. The measure of body size is crucial in studying 
asteroid biology as this variable affects both prey selection and predation impact. Current field techniques for estimating asteroid 
size (i.e. total length TL, total weight TW) include the measure of correlated variables, such us the central disk (CD) and arm 
length (AL). However, these variables are often time-consuming and require a direct handling of the organism. We tested the 
accuracy of new asteroid body metrics, the arm height (AH) or arm width (AW), to rapidly estimate body size in asteroids. AH 
and AW were measured in three of the most common Mediterranean asteroids (Marthasterias glacialis, Ophidiaster ophidianus 
and Coscinasterias tenuispina), sampled from April to August 2008, along the coasts of Ustica Island off the northern coast of 
Sicily. We used both linear and exponential regression analyses to compare the performance of AH, AL, AW and CD in estimat-
ing size for the three species studied. Results suggest that, in M. glacialis and C. tenuispina, AH is strongly correlated (p<0.001) 
with both TL and TW, whereas in O. ophidianus it gives a good correlation (p<0.001) with TW only. AW was poorly correlated 
with both TL and TW in M. glacialis and C. tenuispina, but not in O. ophidianus, where it showed the highest correlation with 
TW. Thus, only the novel AH measure constitutes a convenient and reliable way of measuring asteroid body size in the field.
RESUMEN
Las estrellas de mar son un importante grupo de depredadores en muchos ecosistemas marinos. La medida del tamaño del cuerpo 
es crucial en el estudio de la biología de estrellas de mar dado que esta variable afecta tanto a la selección de las presas como 
al impacto de la depredación. Las técnicas de campo actuales para estimar el tamaño de las estrellas de mar (es decir, longitud 
total y peso total) incluyen la medida de variables correlacionadas, como el disco central y la longitud del brazo. Sin embargo, 
esas variables precisan a menudo mucho tiempo y requieren una manipulación directa del organismo. Hemos puesto a prueba la 
exactitud de nuevas métricas del cuerpo de las estrellas de mar, la altura del brazo o el ancho del brazo, para estimar rápidamente 
el tamaño del cuerpo en las estrellas de mar. Estas dos variables se midieron en tres de las estrellas de mar más comunes del 
Mediterráneo (Martasterias glacialis, Ophidiaster ophidianus y Coscinasterias tenuispina), obtenidos mediante muestreo entre 
abril y agosto de 2008, a lo largo de las costas de la Isla de Ustica frente a la costa norte de Sicilia. Se utilizó tanto la regresión 
lineal como exponencial para comparar el rendimiento de las cuatro variables citadas para estimar el tamaño del cuerpo en las tres 
especies. Los resultados sugieren que, en M. glacialis y C. tenuispina, la altura del brazo se correlaciona fuertemente (p <0,001) 
tanto con la longitud como con el peso total, mientras que en O. ophidianus proporciona buena correlación (p <0,001) únicamente 
con el peso total. La anchura de brazo tuvo pobre correlación tanto con el peso como con la longitud total en M. glacialis y C. 
tenuispina, pero no en O. ophidianus, donde mostró la mayor correlación con el peso total. Así, sólo la nueva medida propuesta 
de altura del brazo constituye una manera conveniente y fiable para medir el tamaño del cuerpo de asteroides en el campo.
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INTRODUCTION
Asteroids, popularly known as starfish or sea stars, 
are recognized as important predators in most marine 
ecosystems (Lawrence 2013). Some species are well-
known for their crucial role in shaping the structure 
and functioning of benthic ecosystems such as rocky 
shores, coral reefs and algal forests (Paine 1974; Fanelli 
et al. 1994; De’ath & Moran 1998; Bonaviri et al. 
2009; Barahona & Navarrete 2010). Hence, the direct 
study of starfish populations in the field may have 
important ecological implications. According to several 
studies, predator-prey size relationship is perhaps the 
most important component that affects capture success of 
asteroids (Lawrence 2013). In this context, it is becoming 
of primary importance for marine scientists to acquire 
information about the distribution, population structure, 
size and weight of asteroids.
While assessing starfish abundance through 
underwater visual censuses is relatively easy, estimating 
the individual size (e.g. total length [TL] and total weight 
[TW], which require the collection of the specimen and 
its weighing, under dry condition in the laboratory), could 
prove to be both time-consuming and difficult without a 
direct handling of the organism.
A thorough scrutiny of the literature reveals that 
several methods are used to evaluate starfish size and 
these consist in measuring, with vernier calipers, the 
length of 1) the maximum tip-to-tip diameter (arm-span) 
(Barker & Nichols 1983; Gaymer et al. 2004; Gianguzza et 
al. 2009a, b; Tuya & Duarte 2012); 2) the radius from the 
center of the disk to the tip of the longest arm (Penney & 
Griffiths 1984; Frid 1992; Gaymer & Himmelman 2002; 
Ganmanee et al. 2003; Gaymer & Himmelman 2008); 3) 
the radius from the edge of the disk to the end of a normal 
arm on the opposite side (Minchin 1987); 4) a normal arm 
(Scheibling & Lauzon-Guay 2007; Urriago et al. 2011); 
5) the mean linear distance from the tips of each arm to 
the opposite inward pointing angle (Sommer et al. 1999; 
Temara et al. 1999); 6) the major radius (Campbell et al. 
2001); 7) the longest arm (Bernstein et al. 1981). A critical 
examination of the seven metrics above listed reveals that 
some of them were not clearly described by the authors 
(e.g. the definition of major radius and normal arm) and 
that some contain a certain degree of subjectivity so that 
the reader cannot grasp exactly how the measurements 
were done and how to reproduce them.
Here we propose two novel and practical metrics 
for the estimation of asteroid size and weight from field 
measurements. We used three common Mediterranean 
species as models: Marthasterias glacialis (Linnaeus, 
1758), Coscinasterias tenuispina (Lamarck, 1816) and 
Ophidiaster ophidianus (Lamarck, 1816) (Fig. 1). The 
relations among two traditional metrics (diameter of the 
central disk CD and arm length AL) and two novel ones, 
arm height (AH) and arm width (AW) versus tip-to-tip 
diameter or total length (TL) and total weight (TW) were 
examined by two regression models. We predict that the 
two new metrics, as the traditional ones, are strongly 
correlated with TL and TW and therefore constitute 
convenient and practical variables to measure body size 
in starfish.
MATERIALS AND METHODS
Study area and species investigated
The study was carried out at Ustica Island Marine 
Protected Area (MPA) in the Southern Tyrrhenian Sea 
(Western Mediterranean, 38°42’20”N -10°43’43” E), 60 
km north of the Sicilian coast. This MPA was chosen 
as a study area mainly for the high density of asteroids, 
especially M. glacialis in barren grounds, thus facilitating 
animal collection (Bonaviri et al., 2009; Gianguzza et al., 
2009a, b; Gianguzza et al., 2010).
74 Thalassas, 31(1) · January 2015
Figure 1:
Asteroids species investigated: M. glacialis (a), O. ophidianus (b) and C. tenuispina (c).
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M. glacialis is a starfish inhabiting the intertidal 
and subtidal zone of the eastern Atlantic rocky coasts, 
including southern and southwestern Europe (Guillou 
1996), as well as the Mediterranean (Savy 1987) and 
South Africa (Penney & Griffiths 1984). This species 
is characterized by five narrow tapering arms and it is a 
voracious predator capable of exploiting a wide range of 
prey resources, playing a key role in shaping community 
structure (Bonaviri et al. 2009; Tuya & Duarte 2012).
The thermophilic O. ophidianus typically inhabits 
Mediterranean subtidal rocky bottoms, from 0 to 100 m 
and also occurs in the Azorean Archipelago (Marques 
1983). Little is known about the biology of this species, 
protected under the EU’s Habitats Directive (Relini & 
Tunesi 2009). It has five long cylindrical, blunt tipped 
arms, which are narrow at their base.
C. tenuispina is widely distributed in the Atlantic 
Ocean, from North Carolina to coasts of Guinea along 
western Africa (Clark & Downey 1992). This species 
inhabits shallow waters down to a depth of 150 m, and it 
occurs in a variety of habitats, ranging from the underside 
of stones on hard seabeds to algae and seagrasses, where 
it mainly feeds on sea urchins and bivalves (Clark & 
Downey 1992). The number of arms in this species 
ranges from 6 to 12 (typically 7), often showing different 
lengths.
Data collection and analyses
M. glacialis, O. ophidianus and C. tenuispina 
individuals were haphazardly collected by SCUBA diving 
from April to August 2008 along the coasts of Ustica 
Island. Collections were made in the upper infralittoral, 
excluding starfish with regenerating arms. Since starfish 
show diurnal feeding activity (Ebling et al. 1966), 
individuals with intact arms were preferentially collected 
around midday.
We analyzed 45 individuals of M. glacialis, 75 of O. 
ophidianus and 29 of C. tenuispina. For each individual, 
the following morphometric variables were measured 
with vernier calipers to the nearest 0.1 mm in the field: 
total length (TL), or tip-to-tip diameter (Fig. 2a); arm 
length (AL), measured from the edge of the central disk 
to the tip of the arm (Fig. 2a); diameter of the central 
disk (CD, Fig. 2b); arm height (AH) and arm width 
(AW) adjacent to the central disc (Fig. 2c). After field 
measurements, every starfish was placed individually in 
a numbered landing net and immediately transported, in 
large sealed plastic bags containing oxygenated seawater, 
to the MPA Laboratory of Cala S. Maria. Labeled starfish 
were then weighed (TW) using a portable balance (1g 
accuracy), after removing mucus secretions and seawater 
by gently squeezing them so as to increase weighing 
accuracy. Immediately after weighing, starfish specimens 
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Figure 2: 
Biometric variables investigated: total length (TL), arm length (AL) (a), central disk (CD) (b), arm height (AH)
and arm width (AW) (c, cross-section of a starfish arm).
	  
	  
	  
	  
	  
	  
	  
	  
	   	  
Table 1:
Measurements (min-max, mean±s.d.) of starfish biometric variables (CD=central disk. AL=arm length. AH=arm height. AW=arm width).
All variables are expressed in millimeters.
 
M. glacialis mean±s.d. O. ophidianus mean±s.d. C. tenuispina mean±s.d. 
CD 18-43 31.0±7.5 15-38 22.9±3.1 4-45 18.2±9.1 
AL 55-170 112.4±31.9 42-158 97.5±24.4 11-98 51.1±18.2 
AH 6-33 17.1±6.9 6-20 13.0±2.6 4-15 8.2±2.9 
AW 8-25 15.4±4.8 5-21 13.3±2.7 3.5-16 7.9±2.9 
	  
were returned to the sampling locations. No individuals 
lost arms during the handling procedure.
Each morphological variable measured (AL, CD, 
AH, AW) was contrasted, through linear and exponential 
regressions, versus total length (TL) and total weight 
(TW). We applied both linear and exponential regressions, 
since the strength of the relationship between the two 
metrics investigated and the other metrics was not known. 
Since we performed repeated analyses, the Bonferroni 
correction was applied, setting a=0.0125. Data were 
analyzed using SAS Enterprise Guide 4.3 software.
RESULTS
In M. glacialis, TL ranged from 109 to 350 mm, in 
O. ophidianus from 68 to 340 mm and in C. tenuispina 
from 45 to 185 mm. TW ranged from 17.9 to 483 g for M. 
glacialis, 26 to 155 g for O. ophidianus and from 8 to 36 
g for C. tenuispina. Ranges of other variables are shown 
in Table 1.
In M. glacialis, the two novel metrics did not perform 
better than the traditional ones. AL vs TL linear regression 
(R2=0.92, Fig. 3) and CD vs TW exponential regression 
(R2=0.90, Fig. 4, Table 2) showed the highest R2 values. 
Overall, AH showed higher R2 values and performed much 
better than AW in estimating TL (R2=0.76, Table 2). 
In O. ophidianus, one of the traditional (AL vs TL 
linear regression, R2=0.76 Fig. 5) and the two novel 
metrics (AW vs TW, R2=0.85 and AH vs TW, R2=0.88 
exponential regressions, Fig. 6) showed the highest R2 
values when regressed against TL and TW (Table 2).
In C. tenuispina, the novel variable AH (AH vs 
TL, R2=0.80 and AH vs TW, R2=0.74 linear regression) 
performed better than any other variable, registering 
the highest R2 values (Fig. 7, 8; Table 2) when regressed 
against TL and TW.
DISCUSSION
In this study, we focused on size-weight relationships 
of three common Mediterranean asteroid species. Our 
results confirm, as previously suggested by indirect 
evidence (Alves et al. 2002; Micael et al. 2011; O’Gorman 
et al. 2012), that in the three species considered, values 
for TL and TW, which jointly define the body size of the 
individuals, are strongly correlated between themselves. 
In contrast, the hypothesis tested (AH and AW constitute 
convenient and reliable proxies for TL and TW in starfish) 
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Table 2:
Regression analysis of starfish biometric variables (TL=total length. CD=central disk. AL=arm length.
AH=arm height. AW=arm width). P<0.001 for all regressions.
  Linear Exponential  
  α β R2 α β R2 N 
M. 
glacialis 
CD/TL -29.79 8.55 0.82 67.52 0.04 0.77 30 
AL/TL -3.80 2.13 0.92 75.91 0.01 0.87 30 
AH/TL 53.49 12.00 0.76 99.10 0.05 0.71 30 
AW/TL 53.27 11.78 0.63 99.30 0.05 0.58 30 
CD/TW -212.74 11.65 0.85 5.96 0.10 0.90 27 
AL/TW -155.55 2.66 0.84 9.45 0.02 0.89 27 
AH/TW -149.20 18.92 0.90 18.64 0.11 0.90 27 
AW/TW -92.96 15.60 0.65 16.77 0.13 0.65 27 
TL/TW -133.55 1.18 0.85 11.41 0.01 0.88 34 
O. 
ophidianus 
CD/TL -51.42 11.80 0.43 47.19 0.06 0.44 75 
AL/TL 19.24 1.88 0.76 71.07 0.01 0.75 75 
AH/TL 1.24 15.46 0.60 61.44 0.09 0.65 75 
AW/TL 7.85 14.57 0.58 63.49 0.08 0.63 75 
CD/TW -146.83 9.70 0.80 2.71 0.14 0.84 26 
AL/TW -55.16 1.33 0.82 11.22 0.02 0.78 26 
AH/TW -109.26 13.06 0.82 4.80 0.19 0.85 26 
AW/TW -138.35 15.08 0.83 3.03 0.22 0.88 26 
TL/TW -54.10 0.63 0.80 10.95 0.01 0.80 26 
C. 
tenuispina 
CD/TL 62.26 2.49 0.39 67.34 0.02 0.37 29 
AL/TL 40.90 1.30 0.43 53.98 0.01 0.44 29 
AH/TL 17.31 11.04 0.80 44.99 0.10 0.74 29 
AW/TL 31.07 9.68 0.62 49.91 0.09 0.61 29 
CD/TW -5.78 1.30 0.56 4.47 0.07 0.55 15 
AL/TW -5.59 0.48 0.43 4.51 0.03 0.43 15 
AH/TW -12.91 3.86 0.74 3.35 0.19 0.67 15 
AW/TW -2.31 2.72 0.45 5.37 0.14 0.45 15 
TL/TW -11.42 0.29 0.77 3.42 0.01 0.74 15 
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Figure 3:
Linear regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols)
 and total weight (TW, grey symbols) for M. glacialis variables.
Figure 4:
Exponential regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols) and 
total weight (TW, grey symbols) for M. glacialis variables.
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Fig. 3 Linear regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) 
and arm width (AW) vs total length (TL, black symbols) and total weight (TW, grey 
symbols) for M. glacialis variables. 
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Fig. 4 Exponential regression scatterplot of: central disk (CD), arm length (AL), arm height 
(AH) and arm width (AW) vs total length (TL, black symbols) and total weight (TW, grey 
symbols) for M. glacialis variables. 
 
In O. ophidianus, one of the traditional (AL vs TL linear regression, R2=0.76 Fig. 5) and 
the two novel metrics (AW vs TW, R2=0.85 and AH vs TW, R2=0.88 exponential 
regressions, Fig. 6) showed the highest R2 values when regressed against TL and TW 
(Table 2). 
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Figure 5:
Linear regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols)
 and total weight (TW, grey symbols) for O. ophidianus variables.
Figure 6:
Exponential regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols)
and total weight (TW, grey symbols) for O. ophidianus variables.
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Fig. 5 Linear regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) 
and arm width (AW) vs total length (TL, black symbols) and total weight (TW, grey 
symbols) for O. ophidianus variables.  
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Fig. 6 Exponential regression catterplot of: central disk (CD), arm length (AL), arm height 
(AH) and arm width (AW) vs total length (TL, black symbols) and total weight (TW, grey 
symbols) for O. ophidianus variables. 
 
In C. tenuispina, the novel variable AH (AH vs TL, R2=0.80 and AH vs TW, R2=0.74 
linear regression) performed better than any other variable, registering the highest R2 values 
(Fig. 7, 8; Table 2) when regressed against TL and TW. 
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Figure 7:
Linear regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols) 
and total weight (TW, grey symbols) for C. tenuispina variables.
Figure 8:
Exponential regression scatterplot of: central disk (CD), arm length (AL), arm height (AH) and arm width (AW) vs total length (TL, black symbols)
and total weight (TW, grey symbols) for C. tenuispina variables. 
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Fig. 7 Linear regressi n sc tterplot of: central disk (CD), arm lengt  (AL), arm height (AH) 
and arm width (AW) vs total en th (TL, black symbols) and total weight (TW, grey 
symbols) for C. tenuispina variables.  
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Fig. 8 Exponential regression scatterplot of: central disk (CD), arm length (AL), arm height 
(AH) and arm width (AW) vs total length (TL, black symbols) and total weight (TW, grey 
symbols) for C. tenuispina variables.  
 
 
4. Discussion 
In this study, we focused on size-weight relationships of three common Mediterranean 
asteroid species. Our results confirm, as previously suggested by indirect evidence (Alves 
et al. 2002; Micael et al. 2011; O’Gorman et al. 2012), that in the three species considered, 
values for TL and TW, which jointly define the body size of the individuals, are strongly 
correlated between themselves. In contrast, the hypothesis tested (AH and AW constitute 
convenient and reliable proxies for TL and TW in starfish) has to be partially rejected. 
Results obtained are in fact conflicting and vary among the three investigated asteroid 
species, probably as a result of their different morphology. In C. tenuispina and M. 
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has to be partially rejected. Results obtained are in fact 
conflicting and vary among the three investigated asteroid 
species, probably as a result of their different morphology. 
In C. tenuispina and M. glacialis, AH performed better 
than AW, which exhibited weak correlations with both 
TL and TW, whereas in O. ophidianus, both AH and AW 
were strongly correlated with TW and weakly with TL. 
Therefore, only one of the two novel proposed 
morphometric variables, AH, may constitute a practical 
and reliable method to estimate body size in starfish 
directly in the field. Furthermore, it is worth noting that 
AH was the only morphological variable in the three 
investigated asteroid species to register a good (i.e. R2 > 
0.7) correlation with both TL and TW in C. tenuispina and 
M. glacialis, two species that behave cryptically, hiding 
under boulders, in crevices and holes. Although there is 
no published evidence, we observed that these two species 
are quite sensitive to handling; for example they are often 
subjected to arm autotomy when pulled out from the 
crevices they hide in or when they are stretched (author’s 
personal observation). Autotomy or self-amputation is 
a common self-defense mechanism designed in marine 
invertebrates to elude a predator’s attack (see Fleming et 
al. 2007 and references therein). For asteroids, arm loss is 
a process that strongly impacts their biology. Arm loss, in 
fact, decreases their prey handling capacity, locomotion, 
growth, reproductive output and energy storage, and 
causes changes in depth distribution and feeding behavior 
of the same species (Diaz-Guisado et al., 2006).
Our proposal to estimate the asteroid size directly in 
the field by measuring AH with the aid of a vernier caliper 
could be particularly rapid, simple, and not invasive for 
species characterized by cryptic behaviour. Since only 
a small portion of the body is analyzed, as compared to 
the assessment of total length or weight, even individuals 
exposing only part of one arm close to the disc can be 
successfully scored, with no harm inflicted to the same 
individuals.
In general, the new morphological metrics are better 
correlated with TW than with TL; this result is a fairly 
surprising and interesting one in many respects. For 
example, it would not be necessary to collect and move 
specimens in the laboratory to gather information on 
weight as the AH- or AW-TW relationship has proved 
to function reliably in the field. A simple in situ AH or 
AW measurement would be sufficient to approximate 
asteroid weight, representing a novel and non-invasive 
tool for estimating starfish biomass. Temporal variation 
in AH or AW in tagged starfish individuals could also 
be monitored in this way, allowing workers to analyze 
the reproductive cycle of asteroid species, in relation to 
variations in resource allocation, and thus weight, without 
any dissection of the same specimens. Furthermore, in 
species such as O. ophidianus, characterized by arms of 
the same length, AW measurement could be useful for 
studies using imagery to generate a posteriori biomass 
estimates. 
The three asteroid species analyzed in this study 
differ widely in their morphology and arm number; 
therefore, we expect that a similar correlation between 
body size metrics (TL and TW) and AH occurs in other 
starfish species. In conclusion, the novel morphological 
metric – AH - proposed as a proxy to estimate size and 
weight in sea stars, minimizes the operator’s impact on 
asteroid specimens in the field and represents a rapid and 
reliable method.
ACKNOWLEDGMENTS
The authors are indebted to Dr. Nicola Galasso and Dr. 
Davide Agnetta for their indispensable help in the field and 
to Eleanor Butler for revising the English text. They greatly 
thank Prof. J. Lawrence and three anonymous reviewers 
for their constructive and challenging comments, which 
substantially improved this manuscript. This study was 
funded by the Italian M.A.T.T.M (Ministero dell’Ambiente 
e della Tutela del Territorio e del Mare) research project 
“Ruolo ecologico degli echinodermi nella formazione e nel 
mantenimento della comunità a barren dell’AMP Isola di 
Ustica”. Experiments described in this paper comply with 
Italian current laws.
REFERENCES
Alves SLS, Pereira AD, Ventura CRR (2002). Sexual and asexual 
reproduction of Coscinasterias tenuispina (Echinodermata: 
Asteroidea) from Rio de Janeiro, Brazil, Marine Biology, 
140:95–101.
Barahona M, Navarrete SA (2010). Movement patterns of the 
seastar Heliaster helianthus in central Chile: relationship 
with environmental conditions and prey availability, Marine 
Biology, 157:647-661.
Barker MF, Nichols D (1983). Reproduction, recruitment and 
juvenile ecology of the starfish, Asterias rubens and 
Marthasterias glacialis, Journal of the Marine Biological 
Association of the United Kingdom, 63:745-765.
Bernstein BB, Williams BE, Mann KH (1981). The role of 
behavioral responses to predators in modifying urchins’ 
(Strongylocentrotus droebachiensis) destructive grazing 
and seasonal foraging patterns, Marine Biology, 63:39-49.
Bonaviri C, Vega Fernández T, Badalamenti F, Gianguzza P, Di 
Lorenzo M, Riggio S (2009). Fish versus starfish predation 
in controlling sea urchin populations in Mediterranean 
rocky shores, Marine Ecology Progress Series, 382:129-138.
80 Thalassas, 31(1) · January 2015
P. GIANGUZZA, F. DI TRAPANI, C. BONAVIRI, G. VISCONTI, A. DEIDUN & F. BADALAMENTI
Campbell AC, Coppard S, D’Abreo C, Tudor-Thomas R, (2001). 
Escape and aggregation responses of three echinoderms to 
conspecific stimuli, Biological Bulletin, 201:175-185.
Clark AM, Downey ME (1992). Starfishes of the Atlantic, 
Chapman & Hall, London.
De’ath G, Moran PJ (1998). Factors affecting the behavior of 
crown-of-thorns starfish (Acanthaster planci L.) on the 
Great Barrier Reef: 2: Feeding preferences, Journal of 
Experimental Marine Biology and Ecology, 220:83-106.
Diaz-Guisado DC, Gaymer CF, Brokordt KB, Lawrence JM 
(2006). Autotomy reduces feeding, energy storage and 
growth of the sea star Stichaster striatus, Journal of 
Experimental Marine Biology and Ecology, 338:73–80.
Ebling FJ, Hawkins AD, Kitching FA, Muntz I, Pratt VM (1966). 
The Ecology of Lough Hyne. XVI. Predation and diurnal 
migration in the Paracentrotus population, Journal of 
Animal Ecology, 35:559-566.
Fanelli G, Piraino S, Belmonte G, Geraci S, Boero F (1994). 
Human predation along Apulian rocky coasts (SE Italy) - 
Desertification Caused by Lithophaga lithophaga (Mollusca) 
fisheries, Marine Ecology Progress Series, 110:1-8.
Fleming PA, Muller D, Bateman PW (2007). Leave it all behind: 
a taxonomic perspective of autotomy in invertebrates, 
Biological Reviews, 82:481-510.
Frid CLJ (1992). Foraging behavior of the spiny starfish 
Marthasterias glacialis in Lough Ine, Co Cork, Marine 
Behaviour and Physiology, 19:227-239.
Ganmanee M, Narita T, Iida S, Sekiguchi H (2003). Feeding 
habits of asteroids, Luidia quinaria and Astropecten 
scoparius, in Ise Bay, Central Japan, Fisheries Science, 
69:1121-1134.
Gaymer CF, Himmelman JH (2002). Mussel beds in deeper water 
provide an unusual situation for competitive interactions 
between the seastars Leptasterias polaris and Asterias 
vulgaris, Journal of Experimental Marine Biology and 
Ecology, 277:13-24.
Gaymer CF, Dutil C, Himmelman JH (2004). Prey selection and 
predatory impact of four major sea stars on a soft bottom 
subtidal community, Journal of Experimental Marine 
Biology and Ecology, 313:353-374.
Gaymer CF, Himmelman JH (2008). A keystone predatory sea 
star in the intertidal zone is controlled by a higher-order 
predatory sea star in the subtidal zone, Marine Ecology 
Progress Series, 370:143-153.
Gianguzza P, Badalamenti F, Gianguzza F, Bonaviri C, 
Riggio S (2009a). The operational sex ratio of the sea 
urchin Paracentrotus lividus populations: the case of the 
Mediterranean marine protected area of Ustica Island 
(Tyrrhenian Sea, Italy), Marine Ecology, 30:125-132.
Gianguzza P, Bonaviri C, Guidetti P (2009b). Crushing predation 
of the spiny star Marthasterias glacialis upon the sea urchin 
Paracentrotus lividus, Marine Biology 156:1083-1086.
Gianguzza P, Bonaviri C, Milisenda G, Barcellona A, Agnetta 
D, Fernandez Vega T, Badalamenti F (2010). Macroalgal 
assemblage type affects predation pressure on sea urchins 
by altering adhesion strength, Marine Environmental 
Research, 70:82-86.
Guillou M (1996). Biotic and abiotic interactions controlling 
starfish outbreaks in the Bay of Douarnenez, Brittany, 
France, Oceanologica Acta, 19:415-420.
Lawrence J., editor, 2013. Starfish: Biology and Ecology of the 
Asteroidea. Johns Hopkins University Press, 267 p.
Marques VM (1983). Peuplements benthiques de Azores; 1—
echinoderms, Arquivo do Museu Bocage, AII(I):1-7.
Micael J, Rodrigues AS, Barreto MC, Alves MJ, Jones MB, Costa 
AC (2011). Allocation of nutrients during the reproductive 
cycle of Ophidiaster ophidianus (Echinodermata: 
Asteroidea). Invertebrate Reproduction & Development 55: 
205-216.
Minchin D (1987). Sea-water temperature and spawning 
behavior in the seastar Marthasterias glacialis, Marine 
Biology 95:139-143.
O’Gorman EJ, Jacob U, Jonsson T, Emmerson MC (2010). 
Interaction strength, food web topology and the relative 
importance of species in food webs, Journal of animal 
Ecology, 79: 682-692.
Paine RT (1974). Intertidal community structure - experimental 
studies on relationship between a dominant competitor and 
its principal predator, Oecologia, 15:93-120.
Penney AJ, Griffiths CL (1984). Prey selection and the impact of 
the starfish Marthasterias glacialis (L.) and other predators 
on the mussel Choromytilus meridionalis (Krauss), Journal 
of Experimental Marine Biology and Ecology, 75:19-36.
Ramsay K, Bergmann M, Veale LO, Richardson CA, Kaiser 
MJ, Vize SJ, Feist SW (2001). Damage, autotomy and arm 
regeneration in starfish caught by towed demersal fishing 
gears, Marine Biology, 138:527-536.
Relini G, Tunesi L (2009). Protected species according to the 
SPA/BIO protocol (Barcelona Convention) present in Italy 
- Identification sheets, Biologia Marina Mediterranea, 16 
(Suppl. 2).
Savy S (1987). Activity pattern of the sea-star, Marthasterias 
glacialis, in Port Cros Bay (France, Mediterranean coast), 
Marine Ecology, 8:97-106.
Scheibling RE, Lauzon-Guay JS (2007). Feeding aggregations 
of sea stars (Asterias spp. and Henricia sanguinolenta) 
associated with sea urchin (Strongylocentrotus 
droebachiensis) grazing fronts in Nova Scotia, Marine 
Biology, 151:1175-1183.
Sommer U, Meusel B, Stielau C (1999). An experimental 
analysis of the importance of body-size in the seastar-mussel 
predator-prey relationship, Acta Oecologica, 20(2):81-86.
Temara A, Gulec I, Holdway DA (1999). Oil-induced disruption 
of foraging behaviour of the asteroid keystone predator, 
Coscinasterias muricata (Echinodermata), Marine Biology, 
133:501-507.
Tuya F, Duarte P (2012). Role of food availability in the 
bathymetric distribution of the starfish Marthasterias 
81Thalassas, 31(1) · January 2015
NEW BODY METRICS TO DETERMINE ASTEROID SIZE AND WEIGHT DIRECTLY IN THE FIELD
glacialis (Lamk.) on reefs of northern Portugal, Scientia 
Marina, 76(1):9-15.
Urriago JD, Himmelman JH, Gaymer CF (2011). Responses 
of the black sea urchin Tetrapygus niger to its sea-star 
predators Heliaster helianthus and Meyenaster gelatinosus 
under field conditions, Journal of Experimental Marine 
Biology and Ecology, 399:17-24.
82 Thalassas, 31(1) · January 2015
P. GIANGUZZA, F. DI TRAPANI, C. BONAVIRI, G. VISCONTI, A. DEIDUN & F. BADALAMENTI
(Received: March, 24, 2014; Accepted: October, 24, 2014)
